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ihe vast majority of patients, especially children, who
require pulmonary valve replacement (PVR), obtain a
issue valve because of the relative good durability and the
ack of a need for anticoagulation. Since the need for repeat
peration is inevitable, and the population of adults with
ongenital heart disease continues to grow, there are increas-
ng situations in which a mechanical pulmonary prosthesis
ay be appropriate. Most patients being considered for me-
hanical PVR have a congenital cardiac diagnosis and have
ndergone one or more previous operations. In many situa-
ions, the patient may have had numerous prior cardiac op-
rations. The ideal patient for mechanical PVR is one who
equires anticoagulation for another reason, eg, left-sided
echanical valve, or a patient who has had numerous prior
perations. Although the technique described in this review
s for mechanical valve replacement, the principles and steps
utlined are identical for bioprosthetic valve replacement.
At the time of PVR, associated defects, which are com-
only present, are also repaired. This most commonly in-
ludes tricuspid valve repair, patch angioplasty of proximal
ulmonary artery stenoses, and closure of any intracardiac
hunts. Preoperative transthoracic echocardiography is per-
ormed routinely. Computed tomography (CT) angiography
r magnetic resonance imaging is performed selectively; it is
elpful in determining the relationship of the aorta, pulmo-
ary artery, or extracardiac conduit to the sternum, and in
ssessing pulmonary artery anatomy. Coronary angiography
r CT angiography is often performed to identify coronary
istribution since extensive scar tissue can obscure coronary
rtery visualization during operation. In addition, it is impor-
ant to identify any obstructive coronary lesions preopera-
ively so that they may also be addressed at the time of oper-
tion. Intraoperative transesophageal echocardiography is
erformed routinely, and direct pressure measurements of
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ained before cardiopulmonary bypass.
Sternal reentry can be challenging, especially in the pres-
nce of right-sided pathologic changes (eg, pulmonary hy-
ertension or enlarged right heart structures). Repeat sternot-
my is performed with special care because an enlarged
scending aorta, the conduit and valve ring, or calcified ho-
ograft often can be adherent to the sternum or can be
roded into it. Central cannulation is preferred whenever
ossible, but femoral artery and vein cannulation may be
equired to establish cardiopulmonary bypass before or dur-
ng resternotomy. After resternotomy has been safely com-
leted, sufficient dissection is performed to allow central can-
ulation. The conduit is identified, but usually not dissected
ree. When feasible, direct pressure measurements in the car-
iac chambers, conduit, and distal pulmonary arteries are
btained. We prefer aortic and right atrial cannulation with
ormothermia or mild hypothermia without aortic occlusion
n the absence of atrial or ventricular septal defects. Bicaval
annulation is performed when additional intracardiac repair
s required. Aortic occlusion is used for additional proce-
ures that would require cardioplegic arrest (eg, repair of
trial septal defect, ventricular septal defect, aortic valve re-
lacement, etc). Intracardiac procedures are performed first
nd PVR is performed at the end. We often use a short period
f aortic clamping with cardioplegia for the removal of
eavily scarred or calcified pulmonary (usually right) ventric-
lar outflow tract (RVOT) patches or excision of prior pul-
onary prostheses/conduits to minimize injury to the closely
djacent left main and anterior descending coronary arteries.
The decision to proceed with peripheral cannulation is
ependent on the experience of the operating surgeon and by
he assessment of the individual patient’s risk. Groin cannu-
ation is most commonly used because of the ability to estab-
ish complete cardiopulmonary bypass. If arterial cannula-
ion is desired, axillary artery cannulation is also an option. If
t is necessary to initiate cardiopulmonary bypass before, or
uring sternal reentry, it is important to maintain a positive
entral venous pressure (5 mmHg) to avoid airlocks in the
enous return line, but more importantly to avoid the disas-
rous complication of air embolism, which can occur if there
s inadvertent entry into the right heart in the presence of an
ntracardiac shunt.
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Technique of mechanical pulmonary valve replacement 201Operative Technique
Isolated PVRigure 1 The native pulmonary artery, which is often
ilated, is opened longitudinally through the previous
atch (middle dotted line) and stay sutures are placed
n each side (not shown). The incision is extended
roximally into the high RVOT. The incision is confined
o the previously placed patch and rarely is it necessary
o extend it into the right ventricular muscle. In cases of
ignificant main pulmonary artery dilation, the proxi-
al extent of the incision is confined to the proximal
ain pulmonary artery and an incision in the RVOT is
voided. Removal of the prior patch is outlined by the
ateral dotted lines. LAD left anterior descending cor-
nary artery; LV left ventricle; RCA right coronary
rtery; RV  right ventricle; RVOT  right ventricular
utflow tract.
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202 J.M. Stulak and J.A. DearaniFigure 2 After patch removal, the attenuated, dysplastic pulmo-
nary valve cusps (arrow) are visualized, examined, and excised.
Any additional dysplastic or calcified tissue, or foreign body
material, is carefully debrided. At this juncture, the branch pul-
monary arteries are probed with dilators to insure that any prox-
imal stenoses are identified. If a proximal stenosis is present,
then the distal pulmonary artery incision is extended into the
stenotic pulmonary artery.igure 3 A bileaflet mechanical prosthesis is selected and the size
s determined based on the size of the aortic annulus. When
ignificant right ventricular dysfunction is present, the valve is
ncreased one size to minimize the gradient across the prosthesis
average size for an adult is 23 or 25 mm). If a bioprosthetic
porcine or pericardial) valve were being used, we would upsize
ven more to minimize any residual gradient across the RVOT
average size is 27 or 29 mm). The level of implantation is
sually just proximal to the native pulmonary annulus to avoid
ny compression of the left main coronary artery.We arrange the
iscs in a vertical orientation as shown. Mattress sutures backed
ith felt pledgets are utilized posteriorly. Suture placement me-
ially, adjacent to the aorta, must be performed with extra care
ince this area can be quite thin, making needle penetration of
he aorta more likely. It is critical to ensure that any extraneous
issue, calcification, pledgets, etc, are carefully removed in the
rea adjacent to the sewing ring of the valve (proximally and
istally) to ensure there is no compromise of disc motion.
PA  main pulmonary artery; RVOT  right ventricular out-
ow tract.
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Technique of mechanical pulmonary valve replacement 203Operative Technique
PVR for Conduit Failure
igure 4 The closure of the pulmonary artery is routinely
erformed with glutaraldehyde-preserved bovine pericar-
ium. The exposed anterior sewing ring of the prosthesis is
pproximated to the pericardial patch with continuous
onofilament suture. At this time, the discs are inspected
ne final time to insure completely normal disc motion.
hen the incision extends into the right ventricle, care is
aken with the lateral suture line since it may be close to the
oorly visualized left anterior descending coronary artery.
Bypass is discontinued and air is aspirated from the right
entricle and pulmonary artery. Post bypass transesopha-
eal echo is performed, and measurement of right ventricle
nd pulmonary artery pressures are obtained.
Figure 5 After previous placement of a porcine-valved Da-
cron conduit from the pulmonary ventricle to the pulmo-
nary artery, it is important to note that the left main coro-
nary artery is immediately posterior to the midportion of the
conduit, and the left anterior descending coronary artery is
close to the lateral aspect of the conduit. The conduit is
usually leftward of the midline sternotomy with the diagno-
sis of tetralogy of Fallot or pulmonary atresia. The conduit is
often directly posterior to the sternum with the diagnosis of
truncus arteriosus or transposition of the great arteries
(TGA).
204 J.M. Stulak and J.A. DearaniFigure 6 After cardiopulmonary bypass is established, an
initial longitudinal incision is made over the anterior aspect
of the obstructed conduit (not shown in this picture). The
conduit is then detached distally over the RVOT (shown),
and the conduit is dissected free from the external fibrous
peel and excised. The sides and floor of the conduit bed are
preserved. Calcified homografts are managed by an endar-
terectomy technique that leaves the adventitia of the ho-
mograft and adjacent fibrous tissue as the floor of the new
reconstruction. It is important to know the location of any
coronary arteries that course posterior to the conduit to
avoid injury during removal of the obstructed conduit. The
left main coronary artery is often at risk. The LAD can also be
in close proximity to the left lateral aspect of the conduit
bed. If any resistance to conduit removal is encountered in
an area close to the left main coronary artery or LAD, a small
piece of conduit material is left behind to avoid injury to the
coronary artery. In addition to potential injury to a major
coronary artery during conduit removal, the artery can be
compressed by an inappropriately placed valve or can be
distorted or obstructed by sutures used for valve placement
or roof reconstruction. The right and left pulmonary arteries
are then measured with probes and distal suture line steno-
ses are relieved. The RVOT is examined and any fibrous
muscular outlet obstruction is resected and any calcific, dys-
plastic tissue is carefully debrided. LAD  left anterior de-
scending coronary artery; RVOT right ventricular outflow
tract.
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Technique of mechanical pulmonary valve replacement 205echnique of PVR for Conduit Failure
ur operation of choice for malfunctioning pulmonary ven-
ricle to pulmonary artery conduits has evolved into an au-
ologous tissue reconstruction in which a pericardial roof is
laced over the fibrous bed of the explanted conduit.1,2
onclusions
t the Mayo Clinic, we have performed 2265 pulmonary
alve replacements since 1965. These have included a bio-
rosthesis in 1540 patients, a homograft in 697, and a me-
hanical valve in 28 (1.2%). Historical concern regarding the
lacement of a mechanical valve in the pulmonary position is
ased on old literature, which documented a high rate of
alve thrombosis. This was observed, however, in patients
Figure 7 Glutaraldehyde-preserved bovine pericardium i
distal suture line and the shape of the patch are altere
pulmonary artery stenoses. The suture line is restricted t
to the adjacent, obscured coronary arteries. Insertion of
selectively. The valve is generally positioned to minimiz
arteriosus, and congenitally corrected TGA, this is usu
pulmonary atresia and tetralogy of Fallot, the prothesis
annulus in the pulmonary ventricular outflow tract.
buttressed with pledgets posteriorly and laterally in th
pericardial roof with continuous monofilament suture.
tissue in the area of the valve position be thoroughly acco
The reconstruction is completed by sewing a proximal
After rewarming and discontinuation of cardiopulmo
nary ventricle and the distal pulmonary artery. Assessm
ography. Occasionally, resection of overlying sternal bon
reconstruction at the time of sternal closure.ho received inadequate anticoagulation, or none at all.3-7 aore recently, low rates of mechanical pulmonary valve
hrombosis have been reported with adequate warfarin anti-
oagulation.8-10 In our practice, we recommend lifelong an-
icoagulation with warfarin (target INR 3.0), and low-dose
spirin (81 mg). With follow-up extending up to 25 years
median 8.5 years), we have observed no perivalvular leaks,
ndocarditis, or pannus formation. Importantly, there have
een no known valve thromboses noted to date.
With the advent of patient self-testing for INR and a new
eneration of direct thrombin inhibitors, the risks of long-
erm anticoagulation as well as the risk of thromboembolism
re expected to decrease significantly.11
The need for a mechanical pulmonary valve replacement is
nfrequent. We consider the use of a mechanical pulmonary
rosthesis in carefully selected adult patients. The appropri-
ed for construction of the roof of the new conduit. The
ecessary to provide relief of any proximal right or left
brous peel at the edge of the conduit bed to avoid injury
osthetic valve is routine and mechanical valves are used
ression by the sternum. In patients with TGA, truncus
ose to the distal anastomosis (inset). In patients with
ally placed just proximal to the level of the pulmonary
lve is usually secured with mattress sutures that are
uit bed. The sewing ring is attached anteriorly to the
mportant to emphasize that removal of all extraneous
hed so that disc motion is not compromised in any way.
dial patch to the RVOT.
ypass, pressures are routinely measured in the pulmo-
erformed by intraoperative transesophageal echocardi-
ostal cartilage is required to prevent compression of thes utiliz
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206 J.M. Stulak and J.A. Dearanieason (eg, left-sided mechanical prosthesis), one who has
ndergone multiple prior operations, or a patient that has
emonstrated accelerated degeneration of prior tissue pros-
heses.
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